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(57) ABSTRACT 

A circuit arrangement for converting logic signal levels has 
a level converter and a mixing arrangement for influencing 
a pulse width. The level converter includes a first signal path 
and a second signal path each having a series circuit com 
prising two transistors of different conductivity types and 
two outputs which are each connected to a tap between the 
transistors which are coupled in series. In this case, the 
transistors of one conductivity type can be controlled by 
means of a push-pull signal and the transistors of the other 
conductivity type in a respective one of the two signal paths 
can be controlled by means of a signal at the output of the 
respective other signal path. The mixing arrangement 
includes two inputs and two outputs, the first input being 
coupled to the first output and the second input being 
coupled to the second output. In addition, the first input is 
coupled to the second output via at least one inverter and the 
second input is coupled to the first output via at least one 
further inverter. 
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CIRCUIT ARRANGEMENT AND METHOD FOR 
CONVERTING LOGIC SIGNAL LEVELS AND USE 

OF THE CIRCUIT ARRANGEMENT 

0001. This application claims priority to German Patent 
Application 10 2005 060 347.5, which was filed Dec. 16, 
2005, and is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The invention relates to a circuit arrangement and 
to a method for converting logic signal levels and to a use 
of the circuit arrangement in a semiconductor memory. 

BACKGROUND 

0003 Level converters are frequently used in an elec 
tronic circuit to convert the level of logic signals from a 
region of the circuit which is Supplied by a first Supply 
Voltage and to forward them to a circuit region which is 
Supplied by another Supply Voltage. One use of Such circuits 
is in dynamic semiconductor memories (Dynamic Random 
Access Memories (DRAMs)). In this case, the circuit 
regions inside the semiconductor memory are operated, for 
example, with a supply voltage of 1.5 V, while the circuit 
regions which are arranged on the output side are operated 
with a supply voltage of 2.1 V. 
0004. A fundamental demand imposed on such a level 
converter is that a logic signal is not delayed as far as 
possible and a high operating frequency can be complied 
with. In addition, signal characteristics, in particular the duty 
ratio of the logic signal to be converted, such as the ratio 
between the high and low phases of the signal, should not be 
changed as far as possible. 
0005 FIG. 11 shows a conventional level converter. The 
level converter, which is designed using CMOS technology 
that is nowadays customary, has two signal paths which are 
connected between a supply potential connection VDDQ 
and a reference potential connection VSS. The signal paths 
each comprise an n-channel field effect transistor N1, N2, 
whose control connections simultaneously constitute the 
signal input 101 and 102 of the level converter, and a 
p-channel field effect transistor P1 and P2 whose control 
inputs are each cross-coupled to the other signal path. The 
signal inputs 101 and 102 are used to Supply a push-pull 
signal having a first voltage Swing to the level converter, said 
push-pull signal being composed of a first signal component 
I1 and a second signal component I2, and the second signal 
component I2 having a signal level that is complementary to 
the first signal component I1. The signal paths are thus 
driven in a complementary manner to one another. Logic 
signals having a second Voltage Swing can be tapped off at 
the outputs 111 and 112 of the level converter. 
0006. On account of the customary dimensions of the 
n-channel and p-channel field effect transistors, the logic 
levels of the output signals Z1 and Z2 of the level converter 
are no longer completely complementary to one another. 
This is illustrated, for example, in FIG. 12 using a signal/ 
time diagram of the input and output signals of the level 
converter. The pulsed signals I1 and I2, for instance corre 
sponding to a clock signal in this case, are applied to the 
inputs 101 and 102 of the level converter. The voltage swing 
corresponds to the first voltage range in the form of a 
difference between a first supply voltage VDD and a first 
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reference voltage VSS. The output signals Z1 and Z2 have 
a second Voltage Swing which, in accordance with the 
second Voltage range, results as the difference between a 
second supply voltage VDDQ and a second reference volt 
age VSSQ. 

0007) If the input signal I1 has a rising edge, the level of 
the output signal Z1 begins to fall after the high level has 
been reached by the input signal I1, that is to say with a 
certain delay by the transistor N1. Upon switching in the 
opposite direction, the p-channel field effect transistor P1 is 
first of all influenced by the cross-coupling to the other 
signal path and the output Voltage Z1 begins to rise to the 
high level only after the transistor P1 has been completely 
Switched. This corresponds approximately to a delay by two 
transistors. A similar situation applies to the derivation of the 
output signal Z2. In the case of the two output signals Z1 and 
Z2, the duration of the low level is now clearly longer than 
the duration of the high level, which corresponds to a change 
in the duty ratio (duty cycle). 

0008. This distortion of the duty ratio may result in the 
functionality of an integrated circuit being adversely 
affected, in particular at high Switching frequencies. In 
addition, such a temporal discrepancy can be caused by a 
prescribed clock signal, so-called jitter. 

SUMMARY OF THE INVENTION 

0009. In one embodiment, a circuit arrangement for con 
verting logic signal levels comprises a level converter and a 
mixing arrangement for influencing a pulse width. The level 
converter has a first signal path and a second signal path 
each having a series circuit comprising a transistor of a first 
conductivity type and a transistor of a second conductivity 
type. A push-pull signal can be Supplied via a first signal 
input and a second signal input. Output signals of the level 
converter can also be tapped off via a first output and a 
second output which are each connected to a tap between the 
transistors which are connected in series. The transistors of 
the first conductivity type can be controlled by means of the 
push-pull signal in the level converter, while the transistors 
of the second conductivity type in a respective one of the 
two signal paths can be controlled by means of a signal at the 
output of the respective other signal path. 

0010. The mixing arrangement comprises a first input 
which is coupled to the first output of the level converter, a 
second input which is coupled to the second output of the 
level converter, and a first signal output and a second signal 
output for tapping off output signals. In the mixing arrange 
ment, the first input is coupled to the first signal output and 
the second input is coupled to the second signal output. 
Furthermore, the first input is coupled to the second signal 
output via at least one inverter and the second input is 
coupled to the first signal output via at least one further 
inverter. 

0011 A third signal path can be connected between the 
output of the first signal path and a second Supply potential 
connection and has a first resistor and a further transistor 
which is connected in series and has a control input that is 
connected to an activation input. In a similar manner, 
provision may be made of a fourth signal path which is 
connected between the output of the second signal path and 
the second Supply potential connection and has a second 
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resistor and a further transistor which is connected in series 
and has a control input that is connected to the activation 
input. 

0012. In one exemplary embodiment of a method for 
converting logic signal levels, a pulsed push-pull signal 
having a first voltage Swing is Supplied. The push-pull signal 
is converted into a first pulsed intermediate signal and into 
a second pulsed intermediate signal each having a second 
Voltage Swing. In this case, a Supply Voltage that is used for 
conversion is provided to a resistor based as a function of an 
activation signal. A first pulsed output signal having the 
second Voltage Swing is derived from the first intermediate 
signal, a pulse width of the first output signal being influ 
enced by a pulse width of the second intermediate signal. In 
a similar manner to this, a second pulsed output signal 
having the second Voltage Swing is derived from the second 
intermediate signal, a pulse width of the second output 
signal being influenced by a pulse width of the first inter 
mediate signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The invention will be explained in detail below 
using exemplary embodiments and with reference to the 
drawings, in which: 
0014 FIG. 1 shows a first exemplary embodiment of the 
proposed circuit arrangement; 
0.015 FIG. 2 shows a second exemplary embodiment of 
the proposed circuit arrangement; 
0016 FIG. 3 shows one exemplary embodiment of the 
proposed level converter; 
0017 FIG. 4 shows a first exemplary embodiment of the 
proposed mixing arrangement; 

0018 FIG. 5 shows a second exemplary embodiment of 
the proposed mixing arrangement; 

0.019 FIG. 6 shows one exemplary embodiment of the 
series-connection of two proposed mixing arrangements; 
0020 FIG. 7 shows a third exemplary embodiment of the 
proposed circuit arrangement; 
0021 FIG. 8 shows a signal/time diagram for signals 
within the proposed circuit arrangement; 
0022 FIG. 9A shows a signal/time diagram for interme 
diate signals without using the proposed principle; 
0023 FIG. 9B shows a signal/time diagram for interme 
diate signals using the proposed principle; 
0024 FIG. 10A shows an eye diagram without using the 
proposed principle; 
0.025 FIG. 10B shows an eye diagram using the proposed 
principle; 

0026 FIG. 11 shows one known embodiment of a level 
converter, and 
0027 FIG. 12 shows a signal/time diagram for signals 
within the known level converter. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0028. Further aspects and embodiments of the present 
invention are summarized in the following description. In 
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addition, reference is made to the accompanying figures 
which form part of the description and in which illustrations 
are used to show how the invention can be implemented in 
practice. The embodiments of the drawings represent a 
Summary in order to enable better understanding of one or 
more aspects of the present invention. This Summary is not 
a comprehensive overview of the invention and does not 
intend to restrict the features or key elements of the inven 
tion to a particular embodiment. Rather, the different ele 
ments, aspects and features which are disclosed in the 
exemplary embodiments can be combined in different ways 
by an informed person in order to achieve one or more 
advantages of the invention. 
0029. Both embodiments could be used and structural or 
logical changes could be made without departing from the 
central idea of the present invention. The elements in the 
drawings are not necessarily true to scale with respect to one 
another. In this case, functionally identical and operatively 
identical elements bear the same reference symbols. 
0030. In one exemplary embodiment, a push-pull signal 
can be supplied to the level converter as an input signal via 
the first and second signal inputs. The push-pull signal is 
composed, for example, of two pulsed signal components 
which have the same Voltage Swing from a first voltage 
range but whose signal levels are complementary to one 
another with regards to a reference level. The push-pull 
signal is used to directly drive the transistors of the first 
conductivity type and to indirectly drive the transistors of 
the second conductivity type. Transistors of the same con 
ductivity type are understood as meaning field effect tran 
sistors of the same channel type or else bipolar transistors 
having the same majority charge carriers. Intermediate sig 
nals which have a second Voltage Swing from a second 
Voltage range are present at the outputs of the level con 
verter. The signal levels of the intermediate signals no longer 
need to be completely complementary to one another. 
0031. The mixing arrangement processes the intermedi 
ate signals to form output signals having the second Voltage 
Swing. As a result of the fact that the inputs and outputs of 
the mixing arrangement are coupled in the described man 
ner, the pulse width of the output signals is respectively 
influenced both by the pulse width of the first intermediate 
signal and by the pulse width of the second intermediate 
signal. For example, the pulse width of a high level of the 
first intermediate signal is narrower than a pulse width 
which is prescribed by a clock signal, for instance. At the 
same time, the pulse width of a low level of the second 
intermediate signal is wider than the prescribed pulse width. 
One of the inverters, which are supplied with a voltage from 
the second Voltage range, can be used to derive a signal 
having a complementary signal level. Combining the first 
intermediate signal having the narrow pulse width and a 
signal having a signal level that is complementary to the 
second intermediate signal and having the wide pulse width 
then makes it possible to generate an output signal having a 
pulse width which corresponds, for example, to the pulse 
width prescribed by the clock signal. In a similar manner to 
this, a second output signal can also be generated from the 
second intermediate signal and from a signal that is derived 
from the first intermediate signal. This results in smaller 
temporal discrepancies in a push-pull signal that is applied 
to the input of the level converter and in an improved 
Switching behavior. 
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0032 FIG. 1 shows one exemplary embodiment of a 
circuit arrangement having a level converter 1 and a mixing 
arrangement 2. The level converter 1 has two signal paths 
which are connected to a supply potential connection VDDQ 
and to a reference potential connection VSS. The signal 
paths respectively comprise an n-channel field effect tran 
sistor N1 and N2 and a p-channel field effect transistor P1 
and P2. The control connections of the transistors N1 and N2 
are connected to the signal input 101, 102. They are used to 
Supply the input signal I1 and I2 in the form of a push-pull 
signal. The level converter has two signal outputs 111 and 
112 which can be used to tap off the intermediate signals Z1 
and Z2. The control connections of the transistors P1 and P2 
are cross-connected to the output 111 and 112 of the respec 
tive other signal path. The intermediate signals Z1 and Z2 
are Supplied to the mixing arrangement 2 via the inputs 201 
and 202. The output signals O1 and O2 can be tapped off at 
the signal outputs 211 and 212. 

0033. The push-pull signal I1 and I2 at the input 101 and 
102 of the level converter 1 comes from a first voltage range 
and has a first voltage Swing which generally approximately 
corresponds to the Supply Voltage of the first voltage range. 
Supplying the level converter 1 with the supply voltage 
VDDQ of the second voltage range converts the push-pull 
signal I1 and I2, which is formed from the signal compo 
nents I1 and I2, into the intermediate signals Z1 and Z2 
having the second Voltage Swing. The method of operation 
of the level converter 1 largely corresponds to that of a 
known level converter. As a result, the intermediate signals 
Z1 and Z2 are no longer completely complementary to one 
another since the pulse width of the intermediate signals Z1 
and Z2 has changed in comparison with the input signals I1 
and I2. In the mixing arrangement 2, the intermediate signals 
Z1 and Z2 influence the output signals O1 and O2 in such 
a manner that an excessively narrow pulse width at a high 
level of the first intermediate signal is compensated for by an 
excessively wide pulse width at a low level of the inverted 
second intermediate signal. As a result, the pulse width of 
the output signals O1 and O2 is corrected to the value which 
the input signals I1 and I2 originally had. The Switching 
behavior of the circuit arrangement is therefore advanta 
geously improved. 

0034 FIG. 2 shows another exemplary embodiment of 
the circuit arrangement. As an extension to the exemplary 
embodiment of FIG. 1, the level converter 1 has two further 
n-channel field effect transistors N3 and N4. The source 
connection of the transistor N3 is connected to the output 
111 of the first signal path and the source connection of the 
transistor N4 is connected to the output 112 of the second 
signal path. The drain connections of both transistors N3 and 
N4 are coupled to a supply potential connection VDD. The 
voltage for this supply potential connection VDD from the 
first voltage range is provided by a Voltage source VL. The 
control connections of the transistors N3 and N4 are each 
connected to the signal input 101 and 102 of the other signal 
path, with the result that the transistor N3 on the first signal 
path is driven by the input signal 12 and the transistor N4 on 
the second signal path is driven by the input signal I1. The 
two transistors N3 and N4 are thus connected in the so 
called source follower mode and help to ensure a 
changeover in the level converter 1 if the voltage difference 
between the first supply potential connection VDD and the 
second Supply potential connection VDDQ is too large. 
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0035 A resistor R1 is also connected in series with a 
transistor P3 between the output 111 of the first signal path 
and the second supply potential connection VDDQ. In the 
same manner, a series circuit comprising a resistor R2 and 
a transistor P4 is arranged between the output 112 of the 
second signal path and the second Supply potential connec 
tion VDDQ. The control connections of the transistors P3 
and P4 are connected to an activation input 110. The voltage 
at the second supply potential connection VDDQ is provided 
by a voltage source VH. 

0036) If, with a corresponding activation signal at the 
activation input 110, the transistors P3 and P4 are in an on 
state and the resistors are consequently conductively con 
nected to the second supply potential connection VDDQ, the 
transistors N1 and N2 can be directly supplied with current, 
upon a respective changeover to the on State, without having 
to wait for delayed activation of the transistors P1 or P2. 
This makes it possible for the level of the intermediate 
signals Z1 and Z2 at the outputs 111 and 112 of the level 
converter 1 to be converted more rapidly. However, in an 
energy-saving mode, the operation of rapidly Supplying 
current to the transistors N1 and N2 via the resistors R1 and 
R2 can be deactivated by means of a corresponding signal at 
the activation input 110, namely by switching the transistors 
P3 and P4 to an off state. In other words the circuit 
arrangement can be operated in two modes of operation, 
namely a normal mode of operation and an energy-saving 
mode, depending on the activation signal. 

0037. In the mixing arrangement 2, the first signal output 
211 is coupled to the first input 201 via an inverter 250 and 
is coupled to the second input 202 via two inverters 261 and 
262 which are connected in series. In a similar manner, the 
second signal output 212 is connected to the second input 
202 via an inverter 260 and is connected to the first input 201 
via the inverters 251 and 252. All of the inverters in the 
mixing arrangement 2 are Supplied with a voltage from the 
second Voltage range, that is to say by the second Supply 
potential connection VDDQ. 

0038 Ideally, the intermediate signals Z1 and Z2 should 
have signal levels that are complementary to one another. In 
this case, the second intermediate signal Z2 would be 
obtained by inverting the first intermediate signal Z1. How 
ever, this dependency of the intermediate signals Z1 and Z2 
on one another can also be used in the case of signals which 
are only partially complementary to one another. The inter 
mediate signals are thus Supplied to a signal output having 
a different number of inverters. In one of the signals, the 
pulse width is then generally too narrow and, in the other 
signal, the pulse width is too wide, based respectively on the 
pulse width of the originally applied input signal I1 and I2. 
However, in the case of the two signals which are supplied 
to the signal output 211 and 212 of the mixing arrangement 
2, the signal level is the same. The output signal O1 and O2 
which has been mixed from the signals then again has a 
pulse width which corresponds to the input signal I1 and I2. 

0039. In addition to providing the logic function, the 
inverters are also used as current buffers. The inverters thus 
make it possible to also improve the current-carrying capac 
ity of the circuit arrangement. Since a certain current 
carrying capacity is expected from Such a circuit arrange 
ment, it may be necessary to connect logic elements 
downstream for the purpose of current buffering. An addi 
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tional slight temporal delay caused by the inverters is thus no 
longer noticeable either since other logic elements also 
entail a comparable time delay. 

0040 FIG. 3 shows another exemplary embodiment of 
the level converter. The resistors R1 and R2, which are 
provided in the level converter 1 for the purpose of supply 
ing the transistors N1 and N2 with current in a more rapid 
manner, are connected to the second Supply potential con 
nection VDDQ via a common transistor P3. Only a single 
transistor P3 is thus needed to connect or disconnect the 
resistors R1 and R2. In other words, only one transistor P3 
is needed to switch between the normal mode of operation 
and the energy-saving mode of operation. 

0041 FIG. 4 shows an exemplary embodiment of a 
mixing arrangement 2 as an alternative to the mixing 
arrangement 2 shown in FIG. 2. The first signal output 211 
is connected to the first input 201 via two inverters 252 and 
253 and is connected to the second input via an inverter 262 
and a resistor R4. The second output 212 is coupled to the 
second input 202 via the inverters 262 and 263 and is 
coupled to the first input 201 via the inverter 252 and the 
resistor R3. 

0042. The connections between an output and the two 
inputs 201 and 202 again have a different number of 
inverters. As a result, one of the output signals O1 or O2 can 
be derived from the intermediate signals Z1 and Z2, as 
shown in FIG. 2, having the signal levels which are only 
partially complementary to one another. 
0.043 FIG. 5 shows another embodiment of a proposed 
mixing arrangement 2. The first signal output 211 is first of 
all coupled to the first input 201 via an inverter 252 and the 
second signal output 212 is coupled to the second input 202 
via an inverter 262. Two inverters 254 and 264 which are 
connected back to back are connected between the signal 
outputs 211 and 212. This embodiment also makes it pos 
sible to mix the intermediate signals Z1 and Z2 to form 
output signals O1 and O2 having a pulse width that corre 
sponds to the input signals I1 and I2. 

0044 FIG. 6 shows one embodiment in which two mix 
ing arrangements 2 and 3 are connected in series. In this 
case, the second mixing arrangement 3 has a first input 301 
which is directly coupled to the first signal output 211 of the 
mixing arrangement 2, and a second input 302 which is 
coupled to the second signal output 212. The second mixing 
arrangement 3 has the same internal design as the mixing 
arrangement 2. A first output 311 is thus connected to the 
first input 301 via an inverter 350 and is connected to the 
second input 302 via two inverters 361 and 362. In a 
symmetrical design, the second output 312 is connected to 
the second input 302 via an inverter 360 and is connected to 
the first input 301 via two inverters 351 and 352. 
0045. The intermediate signals Z1 and Z2 having the 
distorted pulse widths which are temporally incorrect are 
processed by the first mixing arrangement 2 to form a signal 
having an improved duty ratio. If, however, the temporal 
discrepancies in the intermediate signals Z1 and Z2 are too 
large, slight deviations of the pulse widths from a desired 
pulse width could still occur even after the first mixing 
arrangement 2. These deviations can be improved further by 
renewed mixing using the second mixing arrangement 3, 
with the result at the output signals O3 and O4 that the 
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outputs 311 and 312 of the second mixing arrangement 3 
have the desired pulse widths. 

0046. In the case of extreme distortions of the duty ratio 
as a result of the level converter 1, an even larger number of 
Such mixing arrangements could also be connected in series. 
A second downstream mixing arrangement or further down 
stream mixing arrangements also make it possible to 
increase the current-carrying capacity of the circuit arrange 
ment. 

0047 FIG. 7 shows another exemplary embodiment of 
the circuit arrangement according to the invention. Two 
mixing arrangements 2 and 3 are connected downstream of 
the level converter 1. In this case, the inverters in the mixing 
arrangements are implemented using field effect transistors. 
The transistors 281 and 284, 282 and 285 and 283 and 286 
thus respectively represent one of the inverters 260,261 and 
262, of FIG. 6. In this case, the design of the mixing 
arrangements 2 and 3 corresponds to the connection shown 
in FIG. 6. All of the inverters are supplied via the second 
supply potential connection VDDQ and the second reference 
potential connection VSSQ. 

0048. The improvement in the duty ratio as a result of the 
two mixing arrangements 2 and 3 is shown in the signal/time 
diagram in FIG. 8. The intermediate signals Z1 and Z2 
result, at the output of the level converter 1, for a pulsed 
push-pull signal I1 and I2 which is not shown here and is 
formed like a clock signal. The duty ratio of the signals Z1 
and Z2 is greatly distorted since the pulse width for the high 
level is considerably narrower than the pulse width for the 
low level. After mixing by the mixing arrangement 2, the 
duty ratio of the output signals O1 and O2 is clearly 
improved. However, if the duty ratio achieved is not good 
enough, the output signals O3 and O4 can be generated by 
means of the second mixing arrangement 3. The signal 
levels of the output signals O3 and O4 are virtually com 
pletely complementary to one another. 

0049. Different noise is usually noticed in dynamic 
memory applications with regards to the Voltage Supply of 
the different voltage ranges. This difference can be deter 
mined as the difference AVSS between the reference poten 
tials VSS and VSSQ.. Since the input signals I1 and I2 relate 
to the first reference potential VSS and the intermediate 
signals Z1 and Z2 relate to the second reference potential 
VSSQ, the voltage difference AVSS also becomes notice 
able in the operation of the level converter 1. Because the 
times at which one signal rises and the other signal falls are 
now different from one another, different effects are 
observed at the output of the level converter 111 and 112. 
FIG. 9A shows a signal/time diagram for the intermediate 
signals Z1 and Z2 and the noise difference AVSS between 
the reference potentials for a conventional level converter 
without using the proposed principle. Ideally, the temporal 
profiles of the intermediate signals Z1 and Z2 should inter 
sect in the middle of the second supply potential VDDQ 
since this is the time at which the transition from one level 
to the other is detected. If the deviation from the second 
reference potential AVSS is concomitantly included, a volt 
age V11 results on the falling edge of the first intermediate 
signal Z1 at the changeover time. However, the actual 
associated Voltage V21 on the rising edge of the second 
intermediate signal Z2 is clearly larger since the Voltage 
difference AVSS has assumed another value at this time. A 
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similar situation applies to the Voltage V22 on the falling 
edge of the second intermediate signal Z2 and the Voltage 
V12 on the rising edge of the first intermediate signal Z1. 
These voltage discrepancies ultimately also result in tem 
poral discrepancies when changing over from one level to 
the other, which becomes noticeable as jitter. 
0050. If the transistors N1 and N2 in the level converter 
1 are directly supplied with current by means of the resistors 
R1 and R2 in a normal mode of operation, changeover 
between the levels is effected in a more rapid manner. As a 
result, the point at which the temporal profiles of the 
intermediate signals Z1 and Z2 intersect also moves closer 
to the middle between the second supply potential VDDQ 
and the reference potential VSS. This is illustrated in FIG. 
9B. As a result of the smaller temporal discrepancy in the 
changeover times between the intermediate signals Z1 and 
Z2, the voltages V11 and V21 and V22 and V12 relate to a 
virtually identical reference potential, even including the 
voltage difference AVSS between the reference potentials. 
As a result, temporal discrepancies are also reduced during 
changeover and there is less jitter. The switching behavior of 
the circuit arrangement is thus improved by the use of the 
resistors R1 and R2. 

0051. The influence of the resistors is also illustrated in 
the eye diagrams in FIGS. 10A and 10B. FIG. 10A shows an 
eye diagram of the intermediate signals Z1 and Z2 without 
the use of the resistors R1 and R2 in an energy-saving mode. 
The voltage difference AVSS between the reference poten 
tials results in a fluctuation range, that is to say jitter, of 
approximately 60 ps for the changeover time of the inter 
mediate signals Z1 and Z2. The eye diagram according to 
FIG. 10B is produced with the additional resistors R1 and 
R2. With the same noise AVSS, the jitter is reduced to less 
than 15 ps. The reduction in the temporal distortion becomes 
more important, the higher the Switching frequency used. 
The operation of the mixing arrangement 2 is also improved 
by reducing the jitter since less distortion has to be com 
pensated for. 
0.052 In one exemplary embodiment, the circuit arrange 
ment also comprises a first transistor and a second transistor 
of the same conductivity type. In this case, the first transistor 
is connected between a first Supply potential connection and 
the output of the first signal path and the second transistor is 
connected between the first Supply potential connection and 
the output of the second signal path. The first and second 
transistors can be controlled using the push-pull signal that 
is applied to the input of the level converter. 
0053. In this case, the control connection of the first 
transistor is preferably coupled to the second signal input 
and the control connection of the second transistor is 
coupled to the first signal input. The two transistors help to 
change over the level converter if the voltage difference 
between the first voltage range and the second Voltage range 
is too large. As a result, the Switching speed of the level 
converter can also be improved and the discrepancy in the 
pulse width at the output of the level converter can be 
reduced, with the result that fewer discrepancies have to be 
corrected in the mixing arrangement and the Switching 
behavior is improved further. 
0054. In another embodiment, the circuit arrangement 
also comprises a third signal path and a fourth signal path. 
In this case, the third signal path is connected between the 
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output of the first signal path and a second Supply potential 
connection and comprises a first resistor. The fourth signal 
path is connected between the output of the second signal 
path and the second Supply potential connection. It com 
prises a second resistor. 
0055. The second supply potential connection provides a 
Supply Voltage for the second Voltage range. The reference 
potentials for the first and second Voltage ranges need not 
have an identical potential. Rather, both the Supply Voltage 
from the first Voltage range and the Supply Voltage from the 
second Voltage range may have a small amount of noise 
which, however, is different, and fluctuations, that is to say 
noise, results between the reference potentials of the two 
Voltage ranges. These fluctuations in the reference potential 
may result in temporal discrepancies when changing over 
from one signal level to the other, the discrepancies becom 
ing noticeable as jitter. 
0056. This effect is intensified by virtue of the fact that 
rising and falling edges in the two signal paths do not take 
place at the same time and the signal levels thus relate to 
different reference voltages as a result of the noise. Con 
necting the resistors in parallel with the transistors of the 
second conductivity type make it possible for the transistors 
of the first conductivity type to be directly supplied with 
current if they are changed to an on State by the input signal. 
Since the current can flow virtually directly, rather than after 
a delay by a second transistor as in the case of the falling 
edge, the temporal discrepancy in the times between the 
rising and falling edges decrease. This also reduces the 
influence of a fluctuating reference Voltage and there is less 
jitter and less distortion of the duty ratio. 
0057. In another exemplary embodiment, a respective 
transistor, which has a control input that is connected to an 
activation input, is connected in series with the first and 
second resistors. Since one of the transistors of the first 
conductivity type is always in an on state and one of the 
resistors carries current, the current consumption of the 
circuit may increase. The resistors may be separated from 
the Supply Voltage of the second Voltage range by means of 
the additional transistors in order to allow the circuit to 
operate in an energy-saving operating mode. The energy 
saving mode can be Switched on and off by means of a 
Voltage at the control input of the additional transistors. In 
both cases, the level converter is fully operational. 
0058. In an alternative exemplary embodiment, a first 
connection of a first resistor is connected to the output of the 
first signal path and a first connection of a second resistor is 
connected to the output of the second signal path. In this 
case, a second connection of the first resistor and a second 
connection of the second resistor are connected to a second 
Supply potential connection via a common transistor having 
a control input that is connected to an activation input. The 
resistors which are again intended to be used to improve the 
Switching behavior can thus be connected to the Supply 
Voltage of the second Voltage range or separated from the 
Supply Voltage by means of a single transistor. 
0059. In one exemplary embodiment, in the mixing 
arrangement, the first input is coupled to the first signal 
output via an inverter, and the second input is coupled to the 
second signal output via a further inverter. In addition, in the 
mixing arrangement, the first input is coupled to the second 
signal output via two inverters which are connected in series, 
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and the second input is coupled to the first signal output 
likewise via two inverters which are connected in series. As 
a result, the intermediate signals which are no longer com 
pletely complementary to one another can be combined to 
form the output signals which are complementary to one 
another. 

0060. In another exemplary embodiment, in the mixing 
arrangement, the first input is coupled to the first signal 
output via two inverters, and the second input is coupled to 
the second signal output via two inverters. Furthermore, the 
first input is coupled to the second signal output via a series 
circuit comprising an inverter and a resistor, and the second 
input is coupled to the first signal output via a series circuit 
comprising an inverter and a resistor. 

0061. In an alternative exemplary embodiment, in the 
mixing arrangement, the first input is coupled to the first 
signal output via an inverter, and the second input is coupled 
to the second signal output via a further inverter. In addition, 
the first and second signal outputs are coupled to one another 
via two inverters which are connected back to back. 

0062. In another exemplary embodiment, at least one 
second mixing arrangement for influencing a pulse width is 
connected downstream of the mixing arrangement. In this 
case, the second mixing arrangement comprises a first input 
which is coupled to the first signal output, and a second input 
which is coupled to the second signal output. The second 
mixing arrangement also has a first output and a second 
output for tapping off output signals. The first input of the 
second mixing arrangement is coupled to its first output and 
its second input is coupled to its second output. In addition, 
its first input is coupled to its second output and its second 
input is coupled to its first output via at least one respective 
inverter. 

0063. The switching behavior of the circuit arrangement 
can be improved even further by connecting a second 
mixing arrangement downstream, the function of said sec 
ond mixing arrangement being identical to that of the first 
mixing arrangement. Slight temporal discrepancies in the 
switching behavior, which still remain after the first mixing 
arrangement, can be reduced further or eliminated by the 
second mixing arrangement. The internal design of the 
second mixing arrangement can be identical to that of the 
first mixing arrangement or can correspond to another 
embodiment. 

0064. The circuit arrangement can be used in a semicon 
ductor memory in one of the embodiments described. 
0065. A pulsed push-pull signal having a first voltage 
Swing from a first voltage range is converted into a first 
pulsed intermediate signal and into a second pulsed inter 
mediate signal. The intermediate signals each have a second 
Voltage Swing from a second Voltage range. Since, however, 
the intermediate signals are no longer completely comple 
mentary to one another under certain circumstances because 
the pulse widths of the intermediate signals no longer 
correspond to the pulse widths of the push-pull signal, the 
temporal discrepancies in the pulse widths must be com 
pensated for. To this end, output signals are derived from the 
intermediate signals. In this case, the first output signal is 
derived from the first intermediate signal, the pulse width of 
the first output signal also being influenced by the pulse 
width of the second intermediate signal. In the same way, the 
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second output signal is derived from the second intermediate 
signal, the pulse width of the second output signal being 
influenced by the pulse width of the first intermediate signal 
in this case too. 

0066. As a result, the temporal discrepancies in the pulse 
widths can be compensated for, with the result that the signal 
levels of the output signals are complementary to one 
another. A pulsed signal from a first voltage range can thus 
be converted into a signal from a second Voltage range, the 
duty ratio being distorted to a relatively small extent as a 
result of the pulse widths in the output signal influencing one 
another. 

0067. In one exemplary embodiment, the supplying 
operation comprises Supplying a first pulsed input signal 
which has a first voltage Swing, and Supplying a second 
pulsed input signal, the second input signal having the first 
Voltage Swing and a signal level that is complementary to the 
first input signal with regards to a first reference level. In 
addition, the conversion operation comprises converting the 
input signals. 

0068 The pulsed push-pull signal may be formed from 
two pulsed input signals. The logic signal levels of the two 
input signals are complementary to one another, that is to say 
when one input signal has a high level, for example, the 
other input signal has a low level. In this case, the logic 
levels each correspond to a particular voltage and the 
difference between the two voltages is the voltage swing of 
the pulsed signal. For example, the voltage for a high level 
corresponds to the Supply potential of the first Voltage range 
and the voltage for a low level corresponds to the reference 
potential of the first voltage range. In this case, the Voltages 
for high and low levels are symmetrical with regards to a 
reference Voltage between the two Voltages, that is to say the 
voltage of the high level is higher than the reference voltage 
by that magnitude by which the voltage of the low level is 
lower than said reference voltage. Both the voltage of the 
high level and the voltages of the low level and of the 
reference level can be different from one another between 
the first and second Voltage ranges. 
0069. In another exemplary embodiment, the operation of 
Supplying the second input signal comprises deriving the 
second input signal from the first input signal. For example, 
the second input signal is derived, via an inverter which is 
Supplied with a Voltage from a first voltage range, in Such a 
manner that the second input signal likewise has the first 
Voltage Swing and a signal level that is complementary to the 
first input signal. 

0070. In another exemplary embodiment, the operation of 
deriving a first pulsed output signal comprises deriving the 
first output signal from the first intermediate signal and from 
a signal having a signal level that is partially complementary 
to the first intermediate signal with regards to a second 
reference level. In addition, the operation of deriving a 
second pulsed output signal comprises deriving the second 
output signal from the second intermediate signal and from 
a signal having a signal level that is partially complementary 
to the second intermediate signal as regards the second 
reference level. 

0071. The output signals are first of all derived from the 
respective intermediate signals. However, the intermediate 
signals are generally not completely complementary to one 
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another. The first intermediate signal may thus have a high 
level for a short period of time, while the second interme 
diate signal has a low level for a relatively long period of 
time. The second intermediate signal is thus partially 
complementary to the first intermediate signal. This also 
does not change, for example, when the second intermediate 
signal is inverted. However, a combined output signal hav 
ing a desired pulse width, which corresponds approximately 
to a pulse width of a clock signal, can be derived from the 
first intermediate signal and from the inverted second inter 
mediate signal. As a result, the duty ratio of the output 
signals is improved in comparison with the intermediate 
signals in which only the Voltage Swing for the second 
Voltage range was adapted. 
0072 Although only some specific refinements of the 
invention were illustrated and described, a person skilled in 
the art can readily see that any arrangement which is suitable 
for implementing the proposed principle can be replaced 
with the refinements specified. It becomes clear to a person 
skilled in the art that the above description is used, in 
particular, to explain the inventive principle and is thus not 
restrictive either. In particular, it is not restricted to the 
designs of the invention described. 
0073. The application covers all modifications and varia 
tions of the invention. Combinations of the above refine 
ments and further designs readily emerge for a person skilled 
in the art with the aid of the above description. The field of 
the invention also extends to applications which use the 
arrangements and methods disclosed. The scope of the 
invention should be determined taking into account the 
claims together with the equivalence range resulting from 
the claims. 

0074. It is emphasized that the abstract is enclosed in 
order to fulfill 37 C.F.R.S 1.72(b), which requires an abstract 
that makes it possible for a reader to quickly grasp the 
fundamental aspects of the technical teaching disclosed. It is 
submitted in the knowledge that the abstract is not used to 
interpret and restrict the scope of protection or significance 
of the claims. 

What is claimed is: 
1. A circuit arrangement for converting logic signal levels, 

said circuit arrangement comprising: 
a level converter comprising: 

a first signal path and a second signal path each having 
a series circuit comprising a transistor of a first 
conductivity type and a transistor of a second con 
ductivity type; 

a first signal input and a second signal input for 
Supplying a push-pull signal; 

a first output coupled to a tap between the transistors of 
the series circuit of the first signal path; 

a second output coupled between the transistors of the 
series circuit of the second signal path; 

wherein the transistors of the first conductivity type can 
be controlled by means of the push-pull signal; and 

wherein the transistors of the second conductivity type 
in a respective one of the two signal paths can be 
controlled by means of a signal at the output of the 
respective other signal path; 
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a third signal path that is coupled between the output of 
the first signal path and a second Supply potential 
connection and comprises a first resistor and a further 
transistor that is coupled in series with the first resistor 
and has a control input that is coupled to an activation 
input; 

a fourth signal path that is coupled between the output of 
the second signal path and the second Supply potential 
connection and comprises a second resistor and a 
further transistor that is coupled in series with the 
second resistor and has a control input that is coupled 
to the activation input; and 

a mixing arrangement for influencing comprising: 

a first input that is coupled to the first output of the level 
converter; 

a second input that is coupled to the second output of 
the level converter; and 

a first signal output and a second signal output for 
tapping off output signals; 

wherein the first input is coupled to the first signal 
output and the second input is coupled to the second 
signal output; 

wherein the first input is coupled to the second signal 
output via at least one inverter; and 

wherein the second input is coupled to the first signal 
output via at least one inverter. 

2. The circuit arrangement as claimed in claim 1, further 
comprising: 

a first transistor and a second transistor of the same 
conductivity type; 

wherein the first transistor couples a first Supply poten 
tial connection to the output of the first signal path; 

wherein the second transistor couples the first Supply 
potential connection to the output of the second 
signal path; and 

wherein the first and second transistors can be con 
trolled using the push-pull signal. 

3. The circuit arrangement as claimed in claim 1, wherein 
in the mixing arrangement: 

the first input is coupled to the first signal output via a first 
inverter; 

the second input is coupled to the second signal output 
(212) via a second inverter; 

the first input is coupled to the second signal output via a 
first pair of inverters that are connected in series; and 

the second input is coupled to the first signal output via a 
second pair of inverters that are connected in series. 

4. The circuit arrangement as claimed in claim 1, wherein 
in the mixing arrangement: 

the first input is coupled to the first signal output via a first 
pair of inverters: 

the second input is coupled to the second signal output via 
a second pair of inverters; 
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the first input is coupled to the second signal output via a 
first series circuit comprising an inverter and a resistor; 
and 

the second input is coupled to the first signal output via a 
second series circuit comprising an inverter and a 
resistor. 

5. The circuit arrangement as claimed in claim 1, wherein 
in the mixing arrangement: 

the first input is coupled to the first signal output via a first 
inverter; 

the second input is coupled to the second signal output via 
a second inverter; and 

the first and second signal outputs are coupled to one 
another via a pair of inverters that coupled back to 
back. 

6. The circuit arrangement as claimed in claim 1, further 
comprising at least one second mixing arrangement coupled 
downstream of the mixing arrangement, said second mixing 
arrangement comprising: 

a first input that is coupled to the first signal output; 
a second input that is coupled to the second signal output; 

and 

a first output and a second output for tapping off output 
signals: 

wherein the first input of the second mixing arrange 
ment is coupled to the first output of the second 
mixing arrangement and the second input of the 
second mixing arrangement is coupled to the second 
output of the second mixing arrangement; 

wherein the first input of the second mixing arrange 
ment is coupled to the second output of the second 
mixing arrangement via at least one inverter; and 

wherein the second input of the second mixing arrange 
ment is coupled to the first output of the second 
mixing arrangement via at least one inverter. 

7. A circuit arrangement for converting logic signal levels, 
said circuit arrangement comprising: 

a level converter comprising: 
a first signal path and a second signal path each having a 

series circuit comprising a transistor of a first conduc 
tivity type and a transistor of a second conductivity 
type; 

a first signal input and a second signal input for Supplying 
a push-pull signal; 

a first output coupled to a first tap between the transistors 
of the series circuit of the first signal path series: 

a second output coupled to a second tap between the 
transistors of the series circuit of the second signal 
path; 

wherein the transistors of the first conductivity type can 
be controlled by means of the push-pull signal; 

wherein the transistor of the second conductivity type 
the first signal path can be controlled by means of a 
signal at the second output; 
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wherein the transistor of the second conductivity type 
in the second signal path can be controlled by means 
of a signal at the first output; 

wherein a first connection of a first resistor is coupled 
to the first output; 

wherein a first connection of a second resistor is 
coupled to the second output; and 

wherein a second connection of the first resistor and a 
second connection of the second resistor are coupled 
to a second Supply potential connection via a com 
mon transistor having a control input that is coupled 
to an activation input (110); and 

a mixing arrangement, said mixing arrangement compris 
ing: 
a first input coupled to the first output of the level 

converter; 

a second input coupled to the second output of the level 
converter, and 

a first signal output and a second signal output for 
tapping off output signals; 

wherein the first input is coupled to the first signal 
output and the second input is coupled to the second 
signal output; 

wherein the first input is coupled to the second signal 
output via at least a first inverter, and 

wherein the second input is coupled to the first signal 
output via at least a second inverter. 

8. The circuit arrangement as claimed in claim 7, further 
comprising: 

a first transistor and a second transistor of the same 
conductivity type; 

wherein the first transistor couples a first Supply poten 
tial connection to the output of the first signal path; 

wherein the second transistor couples the first Supply 
potential connection to the output of the second 
signal path; and 

wherein the first and second transistors can be con 
trolled using the push-pull signal. 

9. The circuit arrangement as claimed in claim 7. 
wherein at least one second mixing arrangement is 

coupled downstream of the mixing arrangement, said 
Second mixing arrangement comprising: 
a first input coupled to the first signal output; 
a second input coupled to the second signal output; and 
a first output and a second output for tapping off output 

signals; 

wherein the first input of the second mixing arrange 
ment is coupled to the first output of the second 
mixing arrangement and the second input of the 
second mixing arrangement is coupled to the second 
output of the second mixing arrangement; 

wherein the first input of the second mixing arrange 
ment is coupled to the second output of the second 
mixing arrangement via at least a third inverter, and 
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wherein the second input of the second mixing arrange 
ment is coupled to the first output of the second 
mixing arrangement via at least a fourth inverter. 

10. The circuit arrangement of claim 7, wherein the 
mixing arrangement comprises a mixing arrangement for 
influencing a pulse width. 

11. A method for converting logic signal levels, said 
method comprising: 

Supplying a pulsed push-pull signal having a first voltage 
Swing: 

converting the push-pull signal into a first pulsed inter 
mediate signal and into a second pulsed intermediate 
signal each having a second Voltage Swing, a Supply 
Voltage that is used for conversion being provided 
based as a function of an activation signal; 

deriving a first pulsed output signal having the second 
Voltage Swing from the first intermediate signal, a pulse 
width of the first output signal being influenced by a 
pulse width of the second intermediate signal; and 

deriving a second pulsed output signal having the second 
Voltage Swing from the second intermediate signal, a 
pulse width of the second output signal being influ 
enced by a pulse width of the first intermediate signal. 
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12. The method as claimed in claim 11, wherein 
Supplying a pulsed push-pull signal comprises Supplying 

a first pulsed input signal that has a first Voltage Swing, 
and Supplying a second pulsed input signal, the second 
input signal having the first voltage Swing and a signal 
level that is complementary to the first input signal; and 

converting the push-pull signal comprises converting the 
input signals. 

13. The method as claimed in claim 12, wherein Supplying 
the second input signal comprises deriving the second input 
signal from the first input signal. 

14. The method as claimed in claim 11, 
wherein deriving a first pulsed output signal comprises 

deriving the first output signal from the first interme 
diate signal and from a signal having a signal level that 
is partially complementary to the first intermediate 
signal as regards a second reference level; and 

wherein deriving a second pulsed output signal comprises 
deriving the second output signal from the second 
intermediate signal and from a signal having a signal 
level that is partially complementary to the second 
intermediate signal as regards the second reference 
level. 


